clinical criteria together with fever lasting equal to or longer than five days should be present for the diagnosis: bilateral non-purulent conjunctivitis; extremity findings including erythema and/or indurative edema on the hands and feet, and membranous desquamation starting in the periungual regions; changes in the lips and oral cavity; polymorphous exanthema; and cervical lymphadenopathy (usually unilateral with a diameter of 1.5 cm or more). However, those patients with prolonged fever (≥5 days) together with two or three clinical criteria may be diagnosed as incomplete KD in the presence of some supplemental laboratory findings (5) . It has been reported increasingly in recent years, especially among young infants and children. Because incomplete KD also results in coronary artery lesions (CALs), it should be diagnosed promptly (5, 6) . However, the diagnosis is still difficult and further laboratory studies are needed.
Neutrophil to lymphocyte ratio (NLR) is a novel parameter, studied in the conditions with inflammatory pathogenesis including ischemic heart disease, stroke, and infections (7) (8) (9) . It was reported to be a strong predictor of adverse cardiovascular outcome and severity of coronary artery ectasia in adult population (10) (11) (12) .
In this study, the usefulness of NLR in the diagnosis of KD or incomplete KD and the correlation between NLR and the presence of coronary artery lesions were evaluated. The usefulness of NLR has not been studied in patients with KD so far.
MATERIALS AND METHODS
Seventy-five children diagnosed with Kawasaki disease and 66 age-and sex-matched controls with upper respiratory tract infection-related fever between 2005 and 2013 were retrospectively enrolled in the study. White blood cell (WBC), neutrophil, and lymphocyte counts, erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) values of the cases and controls were collected from computerized patient database. The values of the patients obtained at the time of diagnosis of Kawasaki disease (5 to 9 days after occurrence of fever) were evaluated and compared with those of controls measured during the assessment of upper respiratory tract infection. The study was approved by the ethical committee of Behçet Uz Children's Hospital.
The diagnosis was established in patients who fulfilled the diagnostic criteria of KD. Those cases who had prolonged fever (≥5 days) and 2 or 3 principal clinical criteria together with echocardiographic detection of coronary artery abnormalities or at least three of supplemental laboratory findings including hypoalbuminemia (<3 g/dL), anemia, elevation of alanine aminotransferase, thrombocytosis (>450,000/mm 3 , after 7 days), leukocytosis (>15,000/mm 3 ), and sterile pyuria (>10 white blood cells/high-power field) were diagnosed as incomplete KD.
A Vivid 3 Ultrasound System (GE Medical Systems, Waukesha, WI, USA), with 3 and 5 MHz transducers was used for the assessment of coronary artery lesions. The procedure was performed before intravenous immunoglobulin administration. The cases who had coronary arteries with an internal diameter two standard deviations above the mean adjusted for body surface area were diagnosed as having CALs which included ectasia and/or aneurysm.
Data were analyzed with the SPSS 18.0 statistical package program (SPSS Inc., Chicago, Illinois, USA). The distribution pattern of data was assessed by the Kolmogorov-Smirnov test. Normally distributed quantitative variables were demonstrated as mean±standard deviation, while the median and interquartile range were chosen for abnormally distributed data. Chi-square test or Fisher's exact test were used to compare the qualitative data. The differences between the quantitative groups with normal distribution were evaluated with the Student's t-test. The Mann-Whitney U test was used for abnormally distributed variables. A receiver operator characteristic (ROC) curve was constructed for NLR to determine a cut-off value for the prediction of coronary artery lesions. Sensitivity and specificity were calculated according to the highest Youden index. A p value of <0.05 was considered statistically significant.
RESULTS
The median age of 75 Kawasaki disease patients at admission was 34 months (range: 4-140 months). Twenty-five of those (33.33%) had incomplete KD and twenty-six (34.66%) had coronary involvement. The characteristics of the patients and controls were shown in Table 1 . White blood cell, neutrophil, lymphocyte, and platelet counts were found to be significantly higher, and conversely, hemoglobin levels were determined to be statistically lower in patients with KD compared to controls (all p values <0.01). However, there was no significant difference between the patient and control groups in terms of NLR.
There was no significant difference between the clinical and laboratory findings of cases with KD and incomplete KD (Table 2) , whereas a comparison of the findings of patients with and without CALs revealed a significantly higher neutrophil count, NLR, and CRP levels in the former group (Table 3) .
ROC analysis revealed an area under the curve value of 0.67 (p=0.008) (Figure 1 ). The cut-off NLR value for the prediction of coronary artery lesions was determined to be 1.32 with a 
DISCUSSION
Kawasaki disease is an inflammatory condition which may result in coronary artery lesions. Because of the possibility of this life-threatening complication, timely and accurate diagnosis of KD is important. Despite some established diagnostic clinical criteria, the diagnosis of incomplete KD is still challenging (1,2,5). The current study evaluated the usefulness of NLR in the diagnosis of KD and prediction of its outcomes and found that higher NLR values, especially those greater than 1.32, were found to be valuable in the prediction of coronary lesions.
Previous studies have shown some correlations between inflammation markers and cardiovascular diseases. CRP is the most extensively studied inflammatory marker (13, 14) . Increased WBC count is a simple and useful parameter which was found to be an independent risk factor for major cardiovascular diseases. It was also reported to be associated with the severity of coronary artery lesions (13, 15) . In recent years, there has been a focus on white blood cell subtypes such as neutrophil, lymphocyte, and neutrophil to lymphocyte ratio as (12) . Neutrophils are effective in ongoing active non-specific inflammation through the secretion of various inflammatory enzymes and mediators including elastase, myeloperoxidase, and freeoxygen radicals. In contrast to the phagocytic and killing effects of neutrophils, lymphocytes fulfill the regulatory function of the immune system (12, (16) (17) (18) . Increased neutrophil count was found to be associated with infarct size and adverse angiographic outcomes in patients with myocardial infarction (12, 19, 20) , while low lymphocyte count was related to adverse outcomes in patients with myocardial infarction and chronic heart failure (12, 21, 22) . Since NLR reflects both immune pathways and is probably less affected by confounding conditions, it may be more predictive than either parameter alone (12) . Kawasaki disease is a condition that may result in coronary abnormalities. The inflammatory process persists in the walls of medium-and large-sized arteries as pan-arteritis and coronary arteries are frequently affected. Subendothelial edema and mononuclear cellular infiltration accompany arteritis (23) . As a consequence, internal elastic lamina is disrupted and myointimal proliferation occurs. Vascular smooth muscle cells become necrotic due to the release of matrix metalloprotease from the medial layer. These destructive changes lead to excessive fibrosis and aneurysm formation. Histopathological studies have revealed that lesions in the initial stages of inflammation contain not only macrophages and lymphocytes but also neutrophils. This finding indicates that both neutrophils and lymphocytes are involved in the initial damage to arterial walls. The levels of cytokines such as interleukin (IL)-6 and tumor necrosis factor (TNF)-α were found to be higher in the acute phase of KD as well (24, 25) .
In the current study, although we found higher WBC, neutrophil, and lymphocyte counts in patients with KD compared to the control group with upper respiratory tract infection-related fever, we did not determine any difference in terms of NLR. This means that NLR is not helpful in the differentiation of Kawasaki disease from other febrile conditions. NLR seems not to be effective in the discrimination of KD and incomplete KD as well. However, neutrophil to lymphocyte ratios were found to be higher in Kawasaki disease patients with CALs than those without and the cut-off value associated with an increased probability of coronary lesions was determined to be 1.32. The reasons for these findings remain unexplained. Incomplete Kawasaki disease patients are reported to be associated with an increased risk of CALs (26) . However, no significant difference was determined between KD and incomplete KD groups in terms of the presence of CALs in our study. The findings that none of the markers changed between KD and incomplete KD patients might have resulted from the similar severity of both inflammatory conditions.
Neutrophil to lymphocyte ratio has not been studied in cases with Kawasaki disease so far. However, some investigations assessing the role of inflammation in adult patients with coronary artery ectasia were conducted, and these studies reported higher levels of serum (IL)-6 and (TNF)-α, together with the accumulation of inflammatory cells in the medial layer of coronary arteries (27) (28) (29) . Some other studies additionally found higher neutrophil to lymphocyte ratios in patients with coronary artery ectasia than in healthy controls, and they denoted that neutrophils cause important changes in vascular tissue by release of elastase, myeloperoxidase, free-oxygen radicals, and various hydrolytic enzymes (11, 30) . The KD cases with CALs probably have more severe inflammation, so markers such as NLR, neutrophil count, and CRP differed significantly in our population. This statement was supported by the study of Sarli et al. (11) , who found that NLR was associated with the severity of coronary artery ectasia in their adult patients. They compared their cases with healthy controls. Nevertheless, our patients were compared with KD patients with inflammation but no CALs and NLR was found to be still useful in prediction of the development of coronary lesions.
The finding that increased NLR, especially values greater than 1.32, is associated with the presence of CALs may be important for the identification of KD cases at risk of coronary lesions. Therefore, more aggressive anti-inflammatory therapy including repeated-dose of intravenous immunoglobulin and high-dose acetyl salycilic acid with a longer duration can be ordered, and more intense echocardiographic follow-up may be scheduled.
This study has some limitations that need to be considered. The numbers of our incomplete Kawasaki patients and cases with CALs were relatively low. The presence of coronary artery lesions was evaluated, but not the severity or morphologic characteristics of them owing to the retrospective nature of the study. Area under the curve in ROC analysis and specificity of NLR cut-off values were found to be low, possibly because of the relative paucity of cases with CALs.
In conclusion, NLR values in Kawasaki patients with coronary lesions were found to be significantly higher than those without and values greater than 1.32 were useful in the prediction of CALs. However, NLR was not valuable in the differentiation of KD and incomplete KD. To the best of our knowledge, the current study was the first to investigate the Balkan Med J, Vol. 32, No. 4, 2015 usefulness of NLR in the evaluation of patients with Kawasaki disease.
